Figure 1. Structures of diclofenac (1) and 4'-hydroxydiclofenac (2).
Diclofenac (DCF, 1) has been widely used as a non-steroidal anti-inflammatory drug (NSAID) for its antipyretic, anti-inflammatory and analgesic properties and is metabolized to 4'-hydroxydiclofenac (4'-OH DCF, 2) and 5-hydroxydiclofenac (5-OH DCF) by cytochrome P450 (CYP) enzymes such as CYP 2C9 and CYP 3A4. [1] [2] [3] Although 1 is an effective and safe product, recent reports showed that one or more hydroxylated metabolites of 1 are related to the adverse effects of 1, which were exemplified by hepatotoxicity. 4 Numerous reports related to the diclofenac metabolism and its toxicological consequences have indicated that metabolites of 1 possess a different activity from 1, resulting in various side effects or toxicities, and that hepatotoxicity is mainly induced by metabolites of 1 rather than by 1 itself. [5] [6] In addition, the environmental effects of these hydroxyl metabolites to non-target organisms have recently become of great concern due to their toxicities. 7 In connection with our ongoing project investigating the environmental fate and ecotoxicological effects of 1 and its metabolites on the environment, we need to synthesize substantial quantities of 2.
The synthesis of 2 has been well described in two previous studies by Waterhouse et al. 8 and Kenny et al. 9 but these synthetic methods were not entirely satisfactory for scale-up reaction due to low overall yield and harsh reaction conditions. Waterhouse and colleagues synthesized 2 from 3,5-dichlorophenol using N- (2,6-dichloro-4-methoxyphenyl) acetamide as the key intermediate, but the yield in the cyclization step of the key intermediate was only 12%, which resulted in a very low overall yield (3.63%). The other method for the synthesis of 2 by Kenny's group afforded a better overall yield (16.1%). However, the method remains inappropriate for scale-up due to its low yield and harsh conditions, especially the chlorination step (step b) at -15 o C, coupling reaction (step c) using activated copper, and hydrolysis (step e). (Scheme 1) Therefore, we modified Kerry's method by changing the key intermediate as well as the reaction conditions, and here describe the a new synthetic method for 2 which is safer and has a much better yield (58.2%) than the reported method.
As depicted in Scheme 1, we first synthesized benzoquinone monoxime 4 from phenol 3 in 85% yield by following the previously reported method, in which 2,6-dichloro-4-methoxy-Notes aniline 5 was used as a key intermediate for the synthesis of 2.
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For the synthesis of 5, the Kenny group converted 4 into 5 by dropwise addition of a solution of 4 into methanol while HCl gas was continuously added while keeping a constant surface temperature between -10 o C and 0 o C. However, these methods resulted in a poor yield of less than 45% due to the formation of 2,4-dimethoxy-6-chloroaniline as a byproduct. In addition, when we raised the reaction temperature to room temperature, we obtained 2,4-dimethoxy-6-chloroaniline as a major product. Since it is difficult to control the low-temperature reaction during the saturation of HCl gas in the dichlorination of 4, we needed to find a new intermediate that is stable at room temperature. To improve the yield and reaction condition in the dichlorination step (step b), we investigated different chlorination reaction conditions and temperatures, and found that, instead of the addition of methanol at -15 o C, the dropwise addition of an ethanol solution of 4 into 4.0 N HCl in 1,4-dioxane with continuous passage of HCl gas at room temperature afforded 2,6-dichloro-4-ethoxyaniline 8 in significantly better yield (94%) than the reported yield (45%). The same dichlorination reaction with propanol did not produce any corresponding propoxy compound.
For Ullmann coupling reaction of 5 with N,N-dimethylamide 6, 11 the previous methods used activated copper as a catalyst (step c). Despite the high yield of this reaction with activated copper, the preparation process of activated copper is very dangerous because of the use of the hydrogen-nitrogen mixture gas. To avoid this harsh condition, we used potassium iodide, which is a safe and cheap reagent, as a catalyst instead of activated copper. In this new reaction condition, the nucleophilic aromatic 8 was easily coupled with the aryl halide 6 at elevated temperature (150 o C) to give 9 in 85.9% yield. This rendered the performance of the above Ullmann reaction under this condition easy, simple and safe. Deethylation (step h) of 9 with BBr3 also produced 10 in better yield (94.3%) than the reported yield (81.0%) in the demethylation of 7.
The final hydrolysis step (step e) in the reported method required an inert condition by Schlenk tube to avoid the generation of the free radicals that induce cyclization of 10. In the presence of oxygen during the reaction, the free radical generated on the amine attacked the carbonyl group to produce the indoline-2-one cyclic byproduct. To prevent the formation of this cyclized byproduct, we added CuCl to scavenge the free radical since Cu (I) is easily converted to Cu (II) by catching the free radical. [12] [13] As a result, when the hydrolysis reaction was performed in the presence of a catalytic amount of CuCl, a significant decrease of cyclic byproduct formation was observed by electrospray ionization-mass spectrometry (ESI-MS), which eventually increased the yield of that step from 70.0% to 90.0%.
In conclusion, we synthesized 4'-hydroxydiclofenac with an overall yield 3.6 times better than that of the reported method by changing the intermediate and the reaction conditions. The new synthetic method can be applied for the syntheses of other diclofenac derivatives with safer reaction conditions.
Experimental Section
Instruments. Melting points were determined on a FisherJohns melting point apparatus and are uncorrected. Infrared spectra were recorded on a Nicolet 6700 FT-IR spectrometer. 1 H NMR and 13 C NMR spectra were recorded on a Varian Gemini 400 spectrometer at 400 MHz and 100 MHz, respectively. The chemical shifts given are relative to tetramethylsilane. Mass spectra were measured on a Shimadzu LCMS-2010EV (Chiyoda-Ku, Tokyo, Japan) mass spectrometer. Column chromatography was carried out using Merck silica gel 60 (230 -400 mesh).
Benzoquinone monoxime (4). Concentrated H2SO4 (6.25 g, 63.7 mmol) was added dropwise to a solution of phenol 3 (5.00 g, 53.1 mmol) and NaNO2 (4.40 g, 63.7 mmol) in water (120 mL) at 0 o C. After 1 h, the solid formed was filtered off and washed with cold water to obtain the product 4 (4.50 g). The mother liquid was extracted with EtOAc (200 mL). The organic layer was dried over Na2SO4 and concentrated in vacuo to give the residue, which was purified by chromatography with EtOAc as an eluent to afford further product as a brown solid (1.06 g). 
ESI-MS: M-H
-(m/z) 122.
2,6-Dichloro-4-ethoxyaniline (8).
Dry HCl gas was passed into 4 N HCl in 1,4-dioxane (120 mL) under a nitrogen atmosphere, which was stirred at room temperature until saturation had been achieved. A solution of 4 (5.00 g, 40.6 mmol) in EtOH (50 mL) was added dropwise with continued HCl passage into the 1,4-dioxane solution. The HCl passage was continued for 1 h after addition was completed. The solvent was partially evaporated and the remaining mixture (about 50 mL) was basified to pH 7 using 1 N NaOH (60 mL). The neutralized mixture was extracted with EtOAc (250 mL), and the organic layer was concentrated to give residue, which was chromatographed, by eluting with EtOAc/hexane (v/v, 1/9) to afford 8 as a pale brown semisolid (7. .92 mmol), and potassium carbonate (1.91 g, 13.8 mmol) was stirred and heated at reflux in DMF (15 mL) for 20 h under a nitrogen atmosphere. After the mixture was cooled down, it was filtered through celite. The filtrate was concentrated, and then re-dissolved in EtOAc (100 mL). The organic layer was washed with water (70 mL) and concentrated to give solid residue, which was purified by chromatography with EtOAc/hexane (v/v, 2/3) to afford 9 as a brown solid (2.18 
4'-Hydroxydiclofenac (2).
A solution of 10 (1.80 g, 5.31 mmol) and CuCl (0.53 g, 5.31 mmol) in EtOH (50 mL) was heated at reflux with 1 N NaOH (30 mL) for 24 h under a nitrogen atmosphere using a Schlenk tube. The dark brown solution was cooled, acidified to pH 2 using 1 N HCl, and extracted with EtOAc (150 mL). The organic extract was washed with water and evaporated to give an orange-colored residue. After the residue was re-dissolved in Et2O/EtOAc (v/v, 1/1) (15 mL), the organic layer was extracted with saturated aqueous NaHCO3 solution (50 mL). The aqueous phase was acidified with 1 N HCl and then extracted with EtOAc (120 mL). The organic layer was concentrated in vacuo to give a light orange residue, which was purified by chromatography with a gradient eluent (from 25 to 70% EtOAc/Hexane) to afford 2 as a violet colored solid ( 
